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RESEARCH MEMORANDUM

CONTROL EFFECTIVENESS AND HINGE-MOMENT MEASUREMENTS
AT A MACH NUMBER OF 1.9 OF A NOSE FLAP AND
TRATTING-EDGE FLAP ON A HIGHLY TAPERED
LOW-ASPECT-RATIO WING

By D. Williem Conner and Meade H. Mitchell, Jr.
SUMMARY

Nose flaps and trailing-edge flaps were tested on & halfspan wing
model in the Langley 9- by 12-inch supersonic blowdown tunnel in the low
angle-of-attack range &t a Mach number of 1.9 and a Reynolds number
of 3,000,000. The wing hed an aspect ratio of 1.06, taper retio of 0.31,
and had airfoll sections composed of a thin flet-plate center section
with the nose and trailing-edge contours formed by the wedge profiles of
full-span constant chord flaps. All tests were made In the presence of a
half fuselage.

The nose flap was effective in reducing the pliching moment associ-
ated with tralling-edge-flap deflection. The nose flap appeared to have
about the same lift-producing effectiveness as did the tralling-edge flap.
The maximum 1ift-dreg ratio was decreased when the nose flap was deflected
up and was mmchanged when the tralling-edge flap was deflected down. A The
flap hings moments caused by nose-flap deflection had approximately twice
the magnitude of the hinge moments caused by tralling-edge-flap deflection.
The rate of change of flap hinge moment with wing angle of attack was
about constant for the nose flap but varied in value for the trailing-
edge flap. The value for the trailing-edge flap increased negatively
wlth increasing angle of attack and with Increasing deflection of the
trailing-edge flap and, for the condlitions investigated, ranged from 5 per-
cent to 37 percent of the corresponding (constant) value for the nose
flap. Such a wide variation in the relationship between the hinge-moment
characteristics of the two flaps would limit any attempt to effectively
reduce the control force by Interlinking the flaps of this configuration
in a fixed linkage ratio. The nose-flap hinge moments calculated from
second-order supersonic wing theory were in reasonable agreement with
the experimental values.
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INTRODUCTIOR

One of the problems confronting the designer of supersonic alrcraft
concerns the selection of a wing-flap combinstion which will provide
adequate lateral control at all speeds, and yét will not have prohibi- .
tively high drag. From the free-flight investigation of reference 1,

. 1t was found that the rolling effectiveness of a full-span trailing-edge
flap was improved through the tramsonic and low supersonic range when
the wing aspect ratio was reduced, taper ratio was decreased, sweep
engle of the flap elements was 1ncreased or the airfoil—section thickness-
ratio was decreased. Fortunately, most of these ltems have a favorable
effect in minimizing the supersonic wave drag. It appears that a thin,
low-asgpect-ratio wing with a high amount of taper not only has most of
the desireble Peatures for reelizing adequate lateral control and low
drag, but also offers a practical structural. ‘arrangement. A wing of
such geometry was accordingly chosen for a flap investigation at a Mach
number of 1.90 in the Langley 9- by 12-inch supersonic blowdown tunnel.

In addition to & conventional trailing-edge flap, a full-span nose
flap was incorporated in the half-span wing model. Nose flaps have been
considered as a means of increasing maeximum 1lift or controlling the stall
at low speeds and for reducing wing twist or bal&ncing out part of the
trailing-edge~flap hinge moments at supersonlc speeds. A free-flight
rocket investigation of nose-flap effectivensss 1s reported in refer-
ence 2. Hinge moments were obtalned for both a nose flap and a tralling-
edge flap at a Mach number of 1. 93 in the Langley 9-inch supersonic
tunnel (raference 3) on & wing having an aspect ratio of 3. 14 and a
taper ratio of 0.59. The wing used in the present investigation had
an aspect ratio of 1.06 and a taper ratic of D.31. Reported herein are
the resulte of this investigation, which include 1ift, drag, and pitching-
and rolling-mcment coefficlents for the wing and hinge-moment coefficilents
for both the nose flap emd tralling-edge flap. All tests were made In
the presence of a fuselage. '

SYMBOIS } ]

cr . 11ft coefficlent . (%)
Cp drag coefficient <2§§$>
Cp pitching-moment coefficient . ;; < -

(?itching moment about canter.aﬁ.are%)

gS'e
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ng grose rolling-moment coefficlent

—

Gross rolling moment sbout axis of fuselage
298 '

Chn hinge-moment coefficlent of nose flap

Maoment ebout hinge sxis of nose flap
2q moment of flap area about hinge axils

Chf hinge-moment coefficient of trailing-~edge flap

Moment sbout hinge axis of tralling-edge Fflap
2q moment of flap area gbout hinge axis

q free-gtream dynamic pressure

Sk exposed semispan wing area (7.20 sg. in.)

[ mean asrodynamic chord of exposed wing area (4.27 in.)

b twice the distence from fuselage axis to wing tip (4.954 in.)

a angle of attack measured with respect to free-stream
direction

Sn nose-flap deflectlon, measured in plane normal to hinge
axis (positive when leading edge is above chord plane)

Sp trailing-edge~flap deflection, measured in plene normal to
hinge axis (positive when tralling edge 1s below chord
plane)

Reynolds number, based on &

M Mach number

MODEL

‘A photograph of the half-span flapped wing model is presented in
figure 1. The principal dimensions of the configuration are shown in
flgure 2. The steel wing and brass fuselage had polished surfaces.

The wing had a 45° sweptback leading edge and a 45° sweptforward
trailing edge. The aspect ratio was 1.06, and the taper ratio was 0.31,
based upon wing dimsnsions obtained by extending the leading and trailing
edges to the axis of the fuselage. The main wing panel was a flat plate,
and the resulting wing thickness ratio equaled 3.4 percent chord at the
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fugelage Juncture and 9 percent chord at the wing tip. Attached to the
msin wing panel were full-span constant-chord nose and tralling-edge
flaps. The fla.p cross sectlons were wedge shaped with an Included wedge
engle of 11. 5 measured streamwise. The constant chord of each flap
amounted to 17 percent of the wing chord st the fuselage Juncture y Or
approximately 45 percent of the tip chord. As shown in figure 2, the
outboard ends of the flap and wing were mcdified to simulate a configu-
ration using outboard flap hinge bearings. The flaps were attached to
the main wing panel with full-span plates fitted in grooves on the wing
chord plane. A range of flap deflections was obtalned through the use
of interchangeable plates, each bent to & given deflection. The bend
line lay along the flap hinge line. This arrangement correspondad to a
sealed flap having no overhanging balance.

TONNEL AND TEST TECENIQUE

The present tests were conducted in the Langley 9- by 12-inch
supersonic Blowdown tunnel at a free-stresm Mech number of 1.9. The
tunnel is of the nonreturn type and utilizes the exhaust alr from the
Lengley 19-foot pressure tunnel. The alr enters the tunnel at an

absolute pressure of ebout 2% atmospheres and contains ebout 0.003 pound
of water per pound of air.

The half-span wing model was cantilevered from the twmnel wall and
wes tested in the presence of a half fuselage. The half Ffuselage, which
was shimmed out 0.25 inch from the tunnel wall, rotated through the
angle-of-attack range with the wing, althcugh no fuselage loads were
measured. A dlscussion is given in reference 4 concerning the various
factors which might cause the experimental results obtained by this test
technique to differ from what would exist In the ldeal cess (complete
model in free flight). The flat plate central panel of the wing extended
through the fuselage to connect the wing with the balence. Under no

load the gap between the extended central penel and the fuselesge was
0.015 inch, and the gap between the overhsnging portion of the wing and
‘the *’uselage was 0.005 inch. A few pressure measuremente obtained on
the portion of the central pemnel shielded from the air streem by the i
fuselage indicated no significant alr loads. f_['he angle-of-attack range
was limited by the deflection due to aerodynamic loads.

Flap mcments were measured by two electrical sitraln gages mounted
on each surface of each asttachment plate (:f‘ig- 2). The electrical
centers of these gages about which the moments were measured were dis-
placed about 0.03 inch from the bend line and the flap area moment used
in calculating hinge-moment coefficients were taken around the axis of
the electrical center. It was believed that hinge-moment coefficients
obtained in this manner would closely approximate the true hinge-moment
coefficients taken with respect to the flsp hinge line. The flap

SQUEDENT AL
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deflections have been corrected for deflection due to flap loading by
means of static caJ__.i'bra‘bions and measured flep hinge moments.

The dynemic pressure snd test Reynolds number decrsased about 3.5 per-
cent during the course of each run because of decreesing pressure of the
inlet alr. The average dynamic pressure of these tests was 11.7 pounds
per square inch, and the average Reynolds number was 3,000,000.

PRECISTIOR OF DATA

Free-stream Mach mumber has been calibrated at 1.90 ¥ 0.02. This
Mach number was used in determining the dynamic pressure. Calibration
tests made with the tunnel clear in the space normally occupied by the
model and extending sbout 4 inches ahead of the wing reference axis and
outside the wall bowmdary layer indicated that static pressure varied
about }1.5 percent from a mean value.

The accuracy of measuremsnts 1s believed to be of the order
indicated in the following table:

Veriable Error
o +0.05°
CD . OOl
Cm 001
Chn and Ch__f 01
C .003

28
RESULTS

Sizable changes in flap deflection from the no-load values were
introduced by aerodynemic flap loading. As will be shown later, the
trailing-edge flap had little change in loading throughout the angle-of-
attack range and, therefore, had a relatively constent (£0.05°) corrected

- —
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deflection for any given conflguretion. The nose flap, On the other
hand, had large load cheanges due to angle of attack and, consequently,
had a variable deflectlion through the angle-of-attack range. A consider-
able number of tests were unrelated in terms of Bp to any other tests
and therefore these data could not be included In the plots and cross-
plots intended for use in analyzing the characteristices at constant:
value of nose-flap deflection. In order to present all date for constant
nose-flap deflections as well as to avold a heavy dependence on the
fairing between two or three test points necessary in crossplots, the
plots for constant nose-flap deflection have been derived, not from
crossplots, but from the test pointes modifled in velue by means of the
following procedure: - o o

1. Each asrodynsmic component was plotied against nose-flap deflec-
tions and for constent.values of trailing-odge-flap deflections and for
constant angles of attack. These plots are presented as part (a) of

flgures 3 to 7.

2. Each test point was then shifted by an Increment in the coeffi-
cient which, in effect, would change the nose-flap deflectlon for a given
test condition to a constent value through the angle-of-attack range.

The shift (usually less than lo) wes to the nearest of three arbitrarily
chosen deflections: 0°, 4.6°, or 8.7°. (These particular deflections
allow the nose flap to be compared with the tralling-edge flap at the
geme flap deflections.) The increment in coefficient was calculated as
the product of the increment in nose-flap deflection, and the average
glope vaelues obtailned fram part (a) of the figures 3 to 7. In the case
of rolling-moment coefficlent, the value of dc1/d8, wes lacking and
had to be approximated from dCL/dSn and an assumed fixed locatlon of
the spanwise center of pressure. The modified data were used in plotting
the remaining parts of figures 3 to 7 and figures 8 and 9.

Only two to four data points were available for defining each curve
of smerodynamic coefficlent plotted against flap deflection (figs. 3 to T)
because of the limited number of test configuratlons. It was believed,
therefore, thet the only analysis Justifiable would be one l1imited to
determining the over-all trends and that this could best be accamplished
by fairing a family of related curves for oach figure (when no appreciable
discrepencies exist between points of identical conditions on the falred
curves of the several parts of each figure). Symbols have been used in
presenting the modified date in order to show-clearly the scatter in the
modified date polnts from the faired curves. The use of symbols ailds in
separating the definlite trends in the aerodynemic characteristics from
the random test errors known to be present. : :

DISCUSSION . - _ o

For & complete model of this wing configuration at M = 1.90, the
trailing-edge flap on one panel would lie wit@%n the re%;on of inf;uence_

SEIDENTIAL.
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of the nose flap on the other wing pamel. Since the complementary wing
panel was a mirror image of the half-span wing undergoing tests, the
flap configuration in the tests simwlated flaps (producing lift5 on &
camplete model, rather than ailerons (producing rolling mament through
flap deflections of the opposite sense on the two wing panels). It is
believed that when the flaps act as ailerons the interference effect of
the nose flap on the opposite trailing-edge flap would be small.

Lift.- Some small nonlinearities appeared to exist in the rate of
change of 1ift coefficlent with deflection of each flap (figs. 3(a)
and 3(b)), though the amount of data is not considered sufficient to
define any gemersel trends in Interaction effects. The average value
of dCL/dB was 0.004 for both flaps, and when the two flaps were
deflected equally (up deflection of the nose flap and down deflection of
the trailing-edge flep) @C1,/dd equalled 0.007 indicating that the 1ift
effectiveness was almost additive. The 1lift coefficient varled linearily
wlth the angle of attack for all flap combinations and had a value
of dCr/da of about 0.0365. No attempt has been mads to calculate the
loading of this wing at this Mach number, since the Mach cone originating
at the wing tip Intersects the wing-fuselage Jjuncture. It should be
pointed out that the test results of reference 4 indicated that when the
slze of the fuselage 1s relatively large with respect to the wing, the N
wing engle of atback may be effectively increased by as much as 30 percent
by the upwash fleld of the fuselage.

Drag.- The minimm drag coefficlent for all flap cambinatlons
(f1g. E; ranged from 0.020 to 0.024, and, in general, occurred somewhere
wlthin the range of angles of attack tested. TFor any given positlve
angle of attack tested, ths drag coefficient increased with Increasing
nose-flap deflection (fig.4t(a)) but did not increase apprecisbly with
trailing-edge-flap deflection (fig. 4(b)}) until after a flap deflection
of 8° was reached. At positive angles of attack the magnitude of the
drag rise caused by deflectlng the nose flap was wmaffected by tralling-
edge-flap deflection. Deflecting the trailing-edge flap In the positive
angle-of-attack range caused the curve of Cp plotied against «
(fig. 4(d)) to be merely displaced by a positive increment in drag coeffi-
clent. Deflecting the nose flap tended to rotate the curve with a
resultant increase in the slopes along the curve and & decrease In the
angle of attack for minimum drag.

In figure 4(s) a tengent from the origin to each curve of Cj, .
plotted against Cp could be obtained or closely approximeted from the
faired curves for neurly all flap combinations thus msking possible a
a limlted analysis of maximum li1ft-drag ratio. With flaps undeflected,
the maximum value of lift-drag ratio for the wing panel was sbout 6. In
the positive 1lift range value was reduced when nose flaps were deflected
but was not changed when trailing-edge flap was deflected (up to B = 8°9).
It should be pointed out that fuselage drag is not included, and the
trends in drag for the complete wing-fuselege comblnation could be much

different.
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Pitching moment.- The value of dCp/d®n obtained from the curves
of figure 5(a) was Independent of trailing-edge-flap deflection but
decreased as the angle of attack was increased. The velue of dCp/dds
wag Independent of both nose-flep deflecticn and engle of atteck. A
nose flap would be very effective in reducing wing twist caused by
tralling-edge~flap deflection. For any fixed trailing-edge-flap deflec-
tion, the emount of nose-flap deflection required ‘to balance out the
pitching moment associated with trailing-edge-flap deflection would
increase with increasing angle of attack ard would equal the trailing-
edge~flap deflection at an angle of attack mear 4°.

The positive velues of dCp/da and dCm/dCy, (figs. 5(d) and 5(e))
decreased slightly as the nose-fl=p deflection was Increassed. The chord-
wise aerodynamic-center locatlion calculated. from d,Cm/dCI, for the flaps-
neutral condition wes 18 percent of the meen asercdynsmic chord ahead of .

the center of area. Deflecting both fleps to 8.7° moved the aerodynamic-

centor poeltion back sbout 3 percent of the mea.n aerodynamic chord with
no appreclable trim change at zero 1lift.

Flap hinge moments.- The hinge-moment coefficient of the nose flap
varied lineerly with nose-flap deflection es shown by figure 6(a) The
valve of dCp /d&n, which was ebout 0.020, was little affected by either

angle-of-attack change or trailing-edge-flep deflection._ The data shown
in figure 6(b) for two consecutive tests of & given nose-flap setting
where b5y wae tested at 0° and 13° indicated that the hinge-mament
coefficient of the nose flap was essentlally independent of tralling-
edge-flap deflection. The valus of aCp,./a was ebout 0.038 (fig. 6(c))
with some slight unsystematic variations (within the experimental
accuracy) for various flap combinations.

The velus of & 3%, weas calculated by the three-dimensional

flat-plate theory (reforence 5) to be 0.0l )5 " When this value was
corrected for thlckness by using Busemann s second-order approximation
theory with sections end Mach number components teken normal to the
leading edge and by considering the two-dimensional thickness-effect
factor to apply in the tip cone flelds, the value of dChn/d.Sn was

increesed to 0.0226. This velue was sbout 10 percent higher than
experiment. The flow flelds on the nose fiap would be the same for
angle-of-attack change as for flap deflection and, therefore, the
calculated dCp, fdo would differ from the caldulated dChy, /38, only
by the secant of the sweep angle. The resultant calculated valus '

of aCy_ /Aa wowld nob include the effect of fuselege upwash. The upwash
h

along the flap leading edge was calculated by a method recammended in
reference 6, and when this was applied to the span-load distribution of
the flap, the value of d.Ch doa weae increased to 0.037, which was

slightly lower than the expermental value of 0.038. It should be
pointed out that theory assumes an attached shock wave; whereas, the

OSEIDEIFLTAL, »
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angle at which the shock detaches for the Mach component normal to the
wing leading edge is slightly less than the wedge half engle of this
flap profile.

As shown in figure 7(a), the hinge-mament coefficient for the
trailing-edge flap became more positive with increasing nose-flep deflec~
tion in the negative angle-of-attack range. The magnitude of this effect
diminished with increased angle-of-attack until at « = 3.75°, the highest
investligated, the velue of Chf tended to be independent of nose-flap
deflectlon. The tralling-edge flap hinge-moment coefficient varied
almost linearly with trailing-edge-flap deflection (fig. T(b)), with the
value of G.Chf/dbf becaming slightly more negetive with increasing angle of
attack. The average value of dchﬂ/daf wag gbout -0.010. The rate of

changs of Chg wlth angle of attack, shown in figure T7(d) , lncreased
negatively with angle of attack and with deflection of the trailing-edge flap.
In the positive angle-of-attack range increasing the trailing-edge-flap
deflection from 0° to 13° increased negatively dChf/da. from -0.002

to -0.009 for 8y = 0° and from -0.006 to -0.0lk for &, = 8.7°.

Since the hinge moments caused by nose-flap deflection were about
twice those caused by trelling-edge-flap deflection, a fixed linkage
ratio (equal to V2) between the flaps would practically balance out the
control force required for flap deflection. Neither this nor any other
fixed linkage ratlo would, however, be wmiversally effective in balancing
out hinge moments caused by angle-of-attack change because of the large’
varlation in the value of dCpefda (which ranged from about 5 to
37 percent of the constant values of d.Chn/da) « As & matter of interest,

the hinge-mament measurements of reference 3, which were obtalned at
gbout the seame Mach number but on a wing having less taper, higher aspect
retio, and no fuselage, indicated that nose-flap hinge moments due to
both angle of attack and flap deflection were three times as large as

the corresponding hinge moments for the trailing-edge flap, and &

linkage system appeared feasible-.

Rolling-moment characterigtics.- After completing testes on this
model, the balance system was altered to Include measurements of rolling
mament. The roll component of the balance wés-designed for models
having values of wing spen and area several times those for this model.
As a result, when rolling-moment characteristics were obtained fram
additionel tests of this model, the accuracy between test configurations
was not of a sufficient degree for quantitative analysis of flap rolling
effectiveness. There was, however, a consistency in the rate of change
of gross rolling moment with angle of attack @czg /d.oc/\ for the various flap

cambinations. Fram the data of figure 8 an average valus for d.ng fa

of -0.0053 was obtained. From this value and a value of dCr fda = 0.0365,
the spanwlse center-of-pressure location of the exposed panel was
calculated to be 0-58% from the fuselage center line. This distance is
the same asg that to the spanwise center of area of the exposed panel.

e L PR &
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Fuselage length.- A few tests were made in which the distance from
the nose of the fuselage to the midpoint of the wing was lhcreased by
24 percent. The results shown in figure 9 indicate that locating the
wing farther back on the constant diameter sedtion of the fuselage had
no noticesble effect on the asrodyneamic characteristics of the wing.

Unsealed flap.- The plate used in obtaining df = 4.6° was
slotted along the bend line to determine eny effects of unsealing the
flap. The leading edge of the flap was cut away to very the width of
the gap between the wing penel and the flap by amounts ranging from 1
to T percent of the flap chord. The data are not presented since there
was no appreciable effect on the measured sercdynamic characteristics
of either the flap or the wing. A test with the wing reversed on the

fuselage showed that the 7-percent slot in the flap did not change the

hinge-moment characteristics of the flap acting as a nose flap at that
flap deflection. '

CONCLUSIONS

Fran tests at a Mach number of 1.9 of a trapezoidal low-aspect-
ratio wing with & nose flap and trailing-edge flap in the Langley 9-
by 12-inch supersonic blowdown tumnel, the following conclusions may
be drawn: o

1. Deflecting the nose flap was an effective means of reducing
the pitching moment associated with the trailing-edge-flap deflection.
For any fixed trailing-edge-flap deflection, the amount of nose-flap
deflectlion regquired increased with increasing angle of attack and would
equal the trailing-edge-flap deflectlon at an angle of attack near 4°.

2. The nose flap appeared to have ehout the same 1lift-produclng
effectiveness as did the trailing-edge flap. ' The maximm 1ift-drag
ratio was decreased when the nose flap was deflected and was umchanged
when the trailing-edge flap was deflected. '

3. The flap hinge moments cauged by nose- flap deflection had twice
the magnitude of the hinge moments cavsed.by trailing-edge-flap deflec-
tion. The rate of chenge of flap hinge mament with wing engle of attack
was constant for the nose flap but varied in value for the trailing-edge
flap. The value for the trailing-edge flap increased negatively with
increasing angle of attack snd with increasing deflectlion of the
trailing-edge flap and, for the conditions investigated, ranged from
5 percent to 37 percent of the correspanding (constant) value for the
nose flap. Such a wide variation in the relationship between the hinge—
moment cheracteristics of the two flaps would 1limit any attempt to
reduce effectively the control force by interlinking the flaps of thie

configuration in & fixed linkage ratio. - B

CONFIDENT AT see
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4. The nose-flap hinge moments calculated from second-order super-
sonic wing theory were in reasonable agreement with the experimental
values.

Langley Aeronautlcal Laboratory
National Advisory Comittee for Asronautics
Langley Field, Va.
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Filgure l.- Flapped wing modsl.
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